I. INTRODUCTION
Superconducting (SC) magnets have some unique requirements that call for novel design configurations of their power supplies [l] , [2] . Comparison of the semiconductor and superconductor based supplies shows that a combination of both can improve important parameters of the powering system for a separator magnet such as an efficiency and external characteristics.
The investigations reported here are part of a development program to improve the operating performance of 50-60 Hz superconducting rectifiers and to realise specific applications in combination with SC magnet systems. In particular, it is planned to built a 1-2 kA superconducting supply for a powering system of a separator magnet which is under development now [ 
31.
The separation effect causes a decrease of the energy stored in the magnet when operating in persistent mode. This loss is determined by the magnetic interaction of the stationary magnet and the fluid to be separated.
It results in a permanent current degradation of about 1% per hour in the typical operating regime of the separator. This effect makes a direct application of removable current leads and a persistent mode switch unsuitable. An improvement would be the introduction of a device that can make up this loss efficiently in order to maintain the magnet current at a constant level. 
PRINCIPLES OF OPERATION
A powering system for the superconducting magnet of the separator requires two different power supplies. A main power supply (based on semiconducting elements) will be used to ramp the magnet current from zero to the nominal value. As the separator works continuously, it is expected, that this procedure will take place approximately once a month. The superconducting power supply will be used to control the magnet current (around 10 % of the nominal value) during nominal performance of the separator. The SC supply is a relatively complex and new device, so aspects related to the protection and reliability of the electrical system of the magnet must be considered carefully.
A. Powering system of the magnet.
In Fig. 1 the basic electrical scheme of the powering system of the separator magnet is presented. Here L is the superconducting magnet including a passive protection system. The presence of this system by whch the magnet energy is dumped inside the cryostat is essential in order to avoid high ament protection leads. While powering the magnet by the main power supply, switches S4 and S5 are opened. During the control of the magnet current by the SC power supply, switch S4 is closed and Sg is opened. In the persistent current mode switches are closed.
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In the case of a quench in the circuit of E1 or in switch S4, the low resistance of switch S5 (S 10 & I ) enables a recovery of the supply and the switch almost without xEecting the operation of the magnet. This makes the electrical powering system of the magnet safe and reliable.
All components shown in the scheme, can be placed in the same cryostat as the magnet.
B. Superconducting power supply.
An electrical scheme of the SC power supply is presented inFig. In general, the operation of the SC power supply is rather similar to the operation of the usual power supply based on thyristors and led by the mains. During the powering process, the transformed and rectified input voltage is applied to the magnet. As a result, both the input and output currents are increasing versus time (signs of the currents and voltages are the same).
In the inversion mode, the output voltage and current are -an ef6ciency better than 96%; -liquid helium operation temperature.
The control pulses for the repetitive switches should have a momentary power <25 W and a duration < 1 ms.
The supply volume must not exceed 30 and 25 litres for the "warm" and "cold" parts respectively.
The supply must have a separate protection system to prevent damage during fault operation. Moreover, the operation and control should be easy and reliable.
power supply are:
A. The %/ar"w'part.
The power control unit of the supply is realised within the mentioned limitations. It enables fourquadrant operation for the 'cold' part and can transfer 10 A at 500 V in both directions. The direct power switch of the device is based on two thyristors, the shunting switch is transistor based. Both power switches operate in a switching mode, which provides a higher efficiency.
To drive the power unit, a PC-based control system "Keithley500" is used. This enables to test various algorithm in order to select the most suitable for this application.
B. The "c0ld"part.
Commutation inductance. A 50 mH, 10 A copper inductance is connected in series with the SC transformer primary mil in order to limit a current rate in the circuits of the SC converter during the commutation stages. It is placed at liquid nitrogen temperature in order to reduce the active resistance. Fig. 3 gives an impression of the superconducting part of the system prepared for a test. Fig. 3 ) and two in series, two in parallel in the case of 2 kA. Each section contains a 100 mm long bifilarly wound foil (see Table 1 ) as a gate element and two discrete heater elements to trigger the gate. Other parameters of the switches are presented in Table 3 . Assuming a coupling coefficient of 0.999, the other important parameters of the transformer can be derived. They are listed in Table 2 .
The switches. Fast response thermally activated SC switches are used as the repetitive elements in the converter. On the base of these results the output characteristic of the 1 kA SC supply and two quadrant operation is calculated. The result is presented in Fig. 4 in solid lines 
